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■•"- ' '■'-'-   to understand  and  control  the 

successful growth or oxide-metal com- 

•' ■ ■   ■" •• 'he • led r i   • •.;     ion pi rf( rmance of 

•"   •■      '    ''    •   ' '■'■ ■!'    • JClde  compounds  and 
,-v/"  ' ■"■■   tested t»    :■ • • :••■ : •..   -;., ; r i uj tabj 13 ty 

'■'    ' '    :';''      ••■,■      :   •      Bht.     Proce- 

' ;   '    ■'■   '■'    ■ ;.   am I ic-ray dl ffrac- 

been  relat« I  * -   ,■ ;■. w1 • 

■   expected e]   itroi    Cleld 

I   !•■■• I   luring c( '-.i 08lt( 

•  '■"' •■•!'.:■•   spac lug , ap- 

- •   .    A pre- 

en behavior of oxlde- 

liagraBi 

•     ■    rates«    A 

•   truetedj 

com- 
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Lnitla]  re]   rt   l   r tin   "Melt-Grown Oxide- 

Met a I   : -.:    11 v-"  re ear il   | r   [ec 

cover    the cont^ad   period  i Jul 

schnlques   ; ed  I      rr w   chi 

balnii     »any million       •■    ■•. 

per   ■ ; ,are   ••■:.' I ■•.•• ter»   mif  :•■ . 

»xide   natrj x,   v.-: ; :   •  ■  briefly  re 

■      ■   -■■■■■    n    ••   ,■   ;....[..,..,••,.   . ,  • 

majov researci     bjectiv        •'  ■ ■ ■ 

are  a] so    •.' lined. 

,   ARPA  Order  No.   I637,   and   .11 

' hx   igh   -.   ; • cember 1970. 

mique   •.■...   of raal < ri ala con- 

.:.  . >vi; ara« ter 1 uyigi I m   ;': I era 

I   tril ited   Ln  a  n fracl cry 

■ ■ '■••  I   '     : r. ;: :<    : a   "..round 

and     .:   ■   [uenl   y< porl : .    The 

■■ rj   .    an as  1 :   this  | roj< ct 

A modified   fl  ating-z  :■    technj iu<   has   been used to grow 

■'■ ■L"   crystals of refractory oxid<     and   :.   < mployed t<   rrow th< 

oxide-meta]   compo.-:'      . •    -      '-c',?.■,,■    tr^rred   rodr  of the 

■/'. le-metaJ   mixture  ari      Inter« I  Inside rf heated molybdenum 

tubes  In  an iner*     tnrasphere  to densify and preheat  the material. 

'   bypica]   growth  arrangement is  shown schematically in Fipur( 

of  this   report.)     After  the  initial  heating,   which also  rervec 

to  Increase  the  electrical conductivity of the  oxider,   the molyb- 

denum  tube  heater.-   are   separated  to  expose  approximately 2 cm 



■ •;- rod to BZ) Tt  field Of '3 to 30 megahertz, depending on the 

naterial to ■ - »alted« The concurrtnl Increase of temperature, 

electrical conductivityj ai'id resistance heating continues until 

the '.■  terior Of the rod melts at temperatures, up to 3000 C.  The 

I radiant heat loss fron the surface and the inherent low 

• ermal conductivity ::' the oxidei »air.tainä the skin or the rod 

well below the eutectic teaperature of th( mixture. Composite 

j. ,., 1  »btained by moving the Balten ^one up through the rod. 

In j rac1 ; ... , javit f  :     jenerated in the molten zone because of 

the lifferei :e Li lei '.• y  between the initial polycrystalline 

f.,i,,.,   Lldlfied • -.: site.  Durin« crowth, the oxide and metal 

tne] ■ •:•  m an I ' hi      1  ■i:i   . 

• . .. 

:■' 

: • ei 

;r ■'■'■' ■■ pur«   1 x'. I s   11   wae   round advanta- 

.   r   ;.   al   8pe< I    above 300rpm.    During rotation 

;■• .:.  ta centrifugally cast against  thi   rides or 

...      .,   t   •. ,, v. :■.'. ;-rolid interface Is modified  so that 

•rystallization in the center or the rod  leads  solidification 

.  ,,,,.  •■,,   ;ircumferenca of  th(   roi   and promotes the uniform rrowth 

of one  crystalli   jrapl I \     rientation  across  the  entire melted 

jone.     The need  for rotation  during   the rrowth of oxide-metal 

composites  is unresolved  at present because  similar  structures 

have been  successfully obtained both with and without  rotation. 

The  occurrence  or cell  or rrain  boundaries  across   the  composite 

structure may minimize  the need  ror the  liouid-solid  interface 

geometry produced  by  rotation.     To date  ordered  oxide-metal 

stricture-  have been achieved  in  the   systems  U02-W,   stabilized 
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ZK)2-W, and (ü,Th)02-W, 

The primary technical objective of this project Is to 

understand the solidification processas leading to courled growth 

and ordered microstructuraa after malting oxlde-'netal mixtures, 

and to successfully produce useable sanplaa or there composites 

and evaluate their use for practical application.-.  The potential 

use of these composites for electron emitters is being investiga- 

ted first because structure;- containing between k  and 25 million 

exposed W fibers per square centimeter can easily be attained. 

The research program is divided into five areas to meet the; - 

objectives. 

A. UNIDIRECTIONAL SOLIDIFICATION BEHAVIOR OF OXIDE-METAL SYSTEMS 

A study of the chemical, thermal, and mechanical varia- 

bles active during solidification of numerous oxides and oxide- 

metal systems is in progress to understand the parametera wi.ich 

control successful oxide-metal composite growth.  Analysis of 

solidification in systems wnlch do not yield ordered eutectlc 

structures may prove equally as valuable as studies of systems 

which readily achieve ordered structures. 

B. STRUCTURAL AND CHEMICAL CHARACTERIZATION OF OXIDE-METAL 

COMPOSITES 

The composite growth morphology, orientation relationships 

and composition profiles are being studied using predominantly 
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x-r»y diffraction and scanning electron microscopy tecu.lquei» 

Tfiln Informatlor» will be combined w!--   ■ »»e solidification etudlee 

i   tabl        tha parameter« con'.rollln« oxlde-raetal eolldlrir  - 

tlon behavior. 

:■•:••  EMITTING  ARRAY 

>■    'Isal dt-  sription      •   the electron eml  - 

slon  I'ro- ourees are be: ed to calculate optimum 
!,ib€'! '   ■•■    '••Id and thenj from the 

oxide-metal ■    . '.:'.-■ \ will  be correlated wl* 

■ >•■   •■' "    mi     Lon BMa   in •■■••.•.   •• .    inter] n I   'he 

Ltter "   .••. 

D.     FOR^TIOIi OF 01 

•■:   •'■       '     ar    '•   pr    ?• . .   In rr.odel oxlde-meta. -ems 

'•    readilj   :or   ordered  structures   '••.,'.  M ..;   -rO^) 

to    Ptabllsh the influence  thai   controllable growth parameter.- 

•   ■"     '   the mlcrostrucl •••• .     Put\;r<    ■.- »rtl     ".iie.-  will be de- 

' '■ '  '■   '     alter existing oxide-metal p-eometrier  toward  rtructurer 

which  the  theoretical  analy.-'.    shows will  yield optimum emlttll 

performance.     Chemical  and  electrolytic  etching are  being tested 

as  techniques  to r.hape the W plna   for er.hancpd  field emirrion. 



.  I-LECTROI; "  "ION MEASUREMENTS 

Suitably prepared compotüteß are being tected as diodes 

to evaluate their use as rield emitters. Thermionic tectlng 

planned In the iMtur-.  The ernlsclon ptrfonHUM« li being 

studied as a function or urr-iy geometry, and the electrical vari- 

ableu or' field strength, interelectrode spacing, and current 

.... ;• .       • :!•  will establish the potential or oxide- 

metal compo ••'• for ttS( > electron emitters. 

Other applic-r : na where these composites could probably 

be . •■: include electro-optic device:- and in mlcroclrcult struc- 

turs . There topic:-, v;ill b( reviewed to rind specific areas 

where the oxide-metal structures would offer definite advantages 

over pre tent technology. 
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UNIDIRECTIONAL JOLIDIFICATIQIJ 3EHAVI0R OF ÜXIDE-I'IETAL SYSTEMS 

Melting and subsequent controlled solidification of 

refractory oxides and oxide-metal mixtures have been previously 

accomplishei     using high (4 to 30rni-iz) frequency rf heating. 

This technique is limited to systems that have sufficient elec- 

trical conductivity at elevated temperatures to support eddy- 

current hi» ating at the level required to produce internal 

melting.  During the first half of this contract period a num- 

ber or' oxides, binary oxide compounds and oxide mixtures have 

been tested to determine their suitability for internal melting 

using the rf coupling scheme. 

All of the materials studied were made into 3/^ inch 

diameter pellets by pressing -325 mesh powders in a two punch 

steel die at about 2500 pr-i.  These prepresred cylinders were 

then placed in an evacuated rubber envelope and hydrostatically 

pressed to 50,000 psi to Increase their density.  Final pellet 

height varied from 1/2 to 1 1/2 inches. 

Before an attempt was made to rf couple to any pellet, 

it was either sintered in a ceramic processing furnace or in 

a one inch diameter inductively heated SiC cylinder.  The 



i 
I'.tered test pellets were placed Inside SIC tubae which pre- 

heated the pellets to temperatures between 1000 and 16? i C and 

Increased their electrical conduc* rity 1 rlor to the rf coupiin^ 

taat. The SIC tube wa • located inside ' ;.• work coil of a 27  ahr 

rf generator whic., after preheating, allowed the meltin*? beha- 

vlor of these materials to be teat« I    Imply removing the hot 

SIC preheater and exposing rhe test pellets to th< r: •.'.•Id. 

BXPEKIMEHTAL RESULTS 

A Gompil'i'.ion or the test results including preheat 

temperatures, rf coupling, and melting behavior and miscella- 

neous comment:: for the three classes of materials - oxider. 

oxide compound:: and oxide mixture.- - are pre rented in Tabler I, 

II, and III respectively. 

Of the single oxide;- tested (Table I), only CeCV, formed 

a stable molten -one.  Crp^, TiO? and NiO might also be success- 

fully melted if their stoichiometry problem can be overcome.  If 

the electrical conductivity of AI2O3, MgO and Y2O3 can be in- 

creased by higher preheating, increased density, or doping with 

impurities, these materials 'ire  also candidates for internal 

melting by induction heating.  The use or a higher frequency 

rf field may also Increase the chances or melting Pr^O^. 

7 
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XNOUCTION MSLTiaO BCtAVXOR OP SIMLI OX2DE5 AT ?7 • 
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Of the  oxide  compounds  tested,   Table II,   iron tltanate 

appeared  to  be  the  best  candidate   for  r:' melting  if the cracking 

problem   Jan b>9  controlled by  slower preheating.     BaTiO-,  and 

Cr^Y  .,   are also attractive  eaateriale  for further testing,  using 

a h'. /.   r  fre | tency  field for the BaTiO^ and a higlier preheat 

' ■■■.: ■■ rat ire  for * he 

all   •:   •:-■■ : 

■ 

cow Led   • 

......   . 

po!- ' 

tabilized  zirconia mixturei   iescribed  In Table III 

Le   Lntema]  m  Lten zonei   w;^, i.  subjected to  ^ 

[f 1   ••  ■ ' -:,    .       ■  ■■:    , Ltlons  of the NiO-I^T0  solid 

• ■  were preheated  tc   a higher temperaturej   t !<> y 

:   landj latea   ■' r   Lnti rna]   ■■.• Lting,     ZnO readily 

pf  field bui     ublimed   badly prior to melting  (see 

r •    In    mixl ire;   . hovm   Ln Ta  1-   III were  an 

>at(   ■-    •::.■   eutectic  naell   bel^w th<   sul LJ mat ion 

:   e  •■ atterapl     •■.■• n     nly ; a,rl '.ally successfuli 

B 

• ■■ . 

'■- licati  :  '., ■ r<   w T'   four |irinclple 

>rna]   tn  lten  zones wore not   achieved  in 

[      •   ar< : 

f induetioi    • upling was too low to 

r necessary 'r  achlevp sn  Internal 

^O"     . 

■;r:-   ,- 

irmal energy 

•:   :    •      ■    . ■ *      iid not   emit   enough 

ü   remain   rolid  and  contain  t)( 

m 



(3) The specimens broke up due to thermal streEfei:,   and 

(4) The starting materials were unstable because of 

sublirmtlon or stoich' ometry changer. 

There are a number of approaches which may be used to 

improve the chances of successful induction melting oxide mate-, 

rials.  Improved coupling efficiency can be obtained with higher 

rf frequencies, closer sample coil geometries, and increased rf 

power.  Higher preheat temperatures, impurity doping, and stoi- 

chiometry control can be utilized to increase the electrical 

conductivity o? the oxi les.  Further work with the oxides is in 

progress to explci . the above possibilities for increasing elec- 

trical conductivity.  Glassy carbon preheat tubes hpve been 

received and wil'.l be used to increase the preheat temperatures 

of chose materials that ■■■'.:■ ared close to coupling at lower 

temperatures. 

15 



SECTION III 

STRUCTURAL AND CHEMICAL JHAKACTHKIl'ATIOK 

OF OXIDE«METAL COMPOCITE.' 

Scanning electron nlcrosoopy (SEM), non-dispersive x-ray 

analysis and varloiis x-ray dl:':"r-ictlon techniques were selected 

a;-, suitable methods for the c.'.aracterlzatlon of melt-frown oxide- 

metal coBposites« A pr ;ran wai devlred which will ensure a 

comprehensive and efficient c.'.'ir-tcterlzatlon ol' composite speci- 

mens using these three techr.! : .• . .  ■ ■ ■ •'  Of thll program which 

were covered In thli report period Included an evaluation of the 

backscattered and secondary '.:'.!.. ion mode of operation in the 

GEM, an inalysls of the Inf n  ■ 3n obtainable from rcanning 

electron stereomicrographs, an  : '■' I I : of metal fiber growth 

forms in selected saaplesj the development of proceduror for 

x-ray orientation studie.-, and the determination of come initial 

orientation relationship:- and lattice parameterr using x-ray 

techniques.  In addition, various pieces of equipment, notably 

a new oscilloscope camera for the SEM and a doubly bent graphite 

monochromator for fho x-ray diffractometer. w^rr installed.  These 

items will improve the efficiency and minimize the costs of the 

characterization program. 

16 
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••.  CHARACTERIZATION PROGRAM 

omprehenL-lve ch-irncterizatlon program for the oxide- 

tal compo ••    outlined U the rollowing stepu 

*  ::: •" ••--;-       r erotl Btetions« fiber geometries In 

• :   •• '• •:  'Hi :-!:.-r--o-oxlde matrix volume and 

will be collected using polished sample examined 

^ "  • (<10#) M :  ., • :::cations be- 

I ,OCOX. Apar- :n-. ••■   .:.  used emlujive mode 
operatlt • . • •• • be .      • ■ 'niricatlo?..- 

r 

J' '■ • • • ' ' " ••    i tructur vithli 

■••• Ltmtl n   .•.'••mical .• 

* lUi 'äi'     '   ■         ••  - :   .• .  :.*tector in the SEM. 

De-          r      • ■ ie Wiii be 

wor< !  .•■••■■•;. 

2,       oxide-- '.itionehlps ar^d lattlcr 

r    r will be det. ,-•..*   • x-ray technlqu^r, Orlenta- 

tioi ? be      j »icror .. conpoclte 
:' " " "   *      ' : "»wth II« 'lone. C^  •- ctal- 

wi:  be • •: c« pararatter aeacureÄenta 
TheR*"        vil' tr -'»rrled o-. • Ically pollrhed 

3.  ollowlng suitable chemical etching to expose the metallic 

• , the sampler ; .J'.oi .. 5. r (i) ^6 aheve will «gain 

be '"  •:••    "  • ' •• : r-.-.-irtlv •■.. --.crngrarhs^ I 
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analyze the shapes and forms of the metal fibers.  These results 

will be correlated with the orientation data, growth conditions 

and etching methods, 

-■■• ' -l •■'-"'■--i -v.r 1-  electron diffraction techniques and 

conventional and high voltage electron microscnpy will also be 

•'•-■■'■: for peciflc characterization purposes, 

.■; rk with existing UO.-v: ipecimens was perfoimied along 

the Lne  P thj  si racterJ zal Loi pr gran . and the Lnitla! 

s • ill  ;■ re] rted« 

: 

r 

•.r" ' ■ ' ' 

r 

ny) bouniTr" 

■   * Ion occ •• . 

i r ''■' 

■ ■.■     • .•     ba   Lc&lly 
# 

•. ■• .!••     hav«   beei erv(   . 

■.• :        chn'     bei    led by tl 

Interrupt i     •    fcell 

s 

jond • hown 
'•   ■ 

. 

■ 

•   ■ .   • 
were «rown bet • i   - 

ind by the Met»] •  ■ 

nl lAboral   r . 
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(oxide-metal eutectic) structure.  The larper grain or cell 

structure shown in the previous figures is also present in thi;- 

type of sample.  An analysis of the parameters responsible for 

these different types of growth is presented in Section V of 

this  rep )rt. 

In tue case of the unifora fiber growth. Figure I, no 

conclusion can be drawn at present as to the existence of a 

relationship between grain size, shape and orientation.  The 

ihapes of the grains are highly irregular, and the diameter; vary 

from a few micro::.: to a few mllllaeters,  It le noteworthy that 

no fiber growth occurred in the immediate neighborhood of the 

grain ■ undarles*  In the structures containing the circular 

oxide areasj (Figure   the location of the grain (cel3) boundarlei 

appei r to be rand o, alth ';. they traverse the composite region 

more often than aot. 

■■' i: er :'''' nn 

The observed tungsten fiber shapes certainly depend upon 

orientation and composite growth conditions, and also often on 

the chemical etching used to remove a layer of the oxide to ex- 

pose the fil ra for SEM analysis.  A variety of cross sections 

including round, hexagonal, square and rectangular were ob- 

erved. During etchingj the fibers wer^ ccaslonally alters I 

in r-uch a way that no characteristic crystallographic growth 

forms wer" ilscemlble.  An example of this behavior is shown 

20 



;:. Pigure 3, where etching appeared to alter th« fiber    nape to 

eometry  ieslr&ble   f t emitter   .• ; Llcatl  :.. . 
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found in the U02 matrix and no U was detected in the W fibers. 

Orientaticn relationships in composite samples were 

determined with a »ingle crystal orienter (goniost&t) possessing 

several mutually perpendicular and movable rotation axes.  All 

of the samples which were studied contained the grain structure 

shown in Figures 1 and 2.  A great number of urientatlon rela- 

tionships are therefore possible; however, preliminary x-ray 

studies suggest two orientation relationships occurred most 

frequently in the larger graina.  These were (OOll) || (ill) TTn 

with[lOO] J| [lio] U02 and {lio)J\  (ill) uo with [llojj flOj^, 

Studies are in progress to systematically map the oxide-metal 

orientation relationships across the composite areas in selected 

samples. 
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SECTION IV 

THEORETICAL ANALYSIS 3F EX^CTROM g^OTTIHG AKKAY:' 

FlelJ e.-rilssicn of electrons from an Isolated metallic 

pin Into vacuum has been extensively studied, and excellent 

reviews are available.     rraphi and tables are given in these 

references for the purpose of com] ating the current density of 

■■■ tip a a function o*- applied electric field, work function, 

and temperature. When a Larg( number of pins are grouped togeth- 

er to form a two-dimensiona] array, thi ••mission capability i: 

Increased, bul nol ai much as Is naively expected from simple 

multiplication of •■■■.' ssion-pe^-pin timei tht   number of pins. 

Certain the< retical aspects Df field emission from such an array 

are ^iven below, and ■ ■ i imerica] results are graphed. 

/ 

The relevanl equation relating the macroscopic field 

emission current density J to the actual electric field F at the 

emitter tip of radius r for a square array of side a is given by 

f(trr* a VBF2 exp-F./F. (1) 

The notations used in this report are presented in Tat:]' IV. 

This equation is simply derived by assuming that the effective 

emitting area istfr'", that the density of pins per square cent! 

meter is a" , and that all other corrections are included in 

f(see below).  The presence of a very dense array causes F to 
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TABLE IV 

FIELD EMITTER ARRAY DOTATION 

f     correction factor 

J ■ macroscopic  current  density   (amps/cm^   array  ar^a) 

jp     work function 

f(y)  a Image   r'orce barrier lowering term  (see  ref. 6 ) 

B 

F(: 

F 

V 

k 

L 

a 

1.5^   X   I0'b/a   (a::.: 

6.83 x 1:70 3      f(y)    (volts/cm) 

electric  field at emitter tip   (voltr/cm) 

voltage   (volts) 

field   reduction   factor 

cal fiode-anc le  . ; ac Lng   (cm) 

interpin  spacing   (cm) 

pin  tip   radius   (cm) 
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•r*j  ir-cture; .     A    the project   pro« 

■    •■;.•■: ■>; : • :   w.-.lch j reduce 

tron  era!rrIon perfor- 

' ■   growtl   facilil y tiai   I - tan con- 

f '      • * ■ •   been  uia Lysed on the 

'.■•■■   .   md variable 

.•r -.-     ratos to .••<■ •      ■ . ■ it the growth procesa In 

xt !••-••••• •        .       ■•.•     rowth th<    ■  -:      Ltea have been 

chemlciliv treel   M       •      ■   •■•   ttanf  ten  flben   primarily 

for el^c'D^, ••        ■  •   t(   ting ^ end * ••   etching procedure! are 

described.     leverel  attest been nede to e]ectro- 

lytlci:: ■     ■ urp«n  the  til        f  •••    tungsten  fibern  for enhanced 

emlsfllon. 

• 

A.     COMPOSITE GPOWTK BQDIPm 

A MheBatic liegraa >f the prototype fecility ueed for 

the oxide and oxide-metal composite growth is shown in figure 9. 
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This facility provides both rotation and vertical translation 

or the sample, and variable positioning of the molybdenum heaters. 

The system may be evacuated as well as cperateji In controlled 

atmospheres, usually r.itrogen or nitrogen-nydrogen mixtures. 

The prototype facility i:: currer.tly operative, althougr* the 

IttSigH and constructicr. of the top molybdenum preheater is in- 

complete.  One improvement in this growth facility i ;■ the use of 

a hydraulic  y tea to raise rod lower the sample.  The use of a 

hydraulic cylinderj rather than some type of mechar.ical drive 

noraaily Incorporated In systems of thia type, should minimize 

fluctuations In growth rates and provide a »ore stable liquid- 

solid solidification front, :':.■   sstall volume of the growth 

cluu&er enables rapid changes Ln staosphere for stolchlometry 

control; preliminary testirv irriicatei thai thi    oxygen and/or 

irater vapor eontenl In the systea ' s ion enough to Keep the 

oxidation of the refract ry aetali tr   an acceptable level.  The 

location of the rf coll outside tiv  ,llca tube minimlzer arc- 

in*-' and the problems sssociated with getting a satisfactory 

high frequency rf lead-'hrouch into s dosed ryrtem.  One draw- 

back of the external work coll Is the inability to achieve close 

sample-coil spacing to improve coupling; however, initial testing 

Of U0~, and U02-W mixtures using s frequency of k,t  mhz indicated 

these materials could be easily melted with the present design. 
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.-.     ANALY:::iJ   )F   )XIDE-JffiTAl  oOLiri-ICATIOK 

Since  the  flf  I   growth    :   th<   UK   -w conposit^i   ,  then 

ha    been no published Lnfonsation    ;. the  factor«   controlling tn< 

■ ,■ •    :     tructure    obtained   luring  iinldlreciional  toXldlfleatloi 

:'    :'. '■:-::.-:'.x'. aixturei .    The Btrvtcture)        avallabl«  i1    -W  ■ ■' - 

•..:.:  the  Initial  "    -..  : •■:     itei   grown on thli   projecl   ■ . 

been  analyzedj  and  s preliminary  interpretation    f th<   growth 

:.,.:•:.■•■:•     >peratlve   luring thli   high taaperatur»   solldlflcatloi 

proce - r nte I« 

Lnf  r ■   . 

• i ng  ;:.■;.'    ;' :..■ i aa   ti r th<   sysi 

prop*   ed   Ln PS gure 10 which   Li 

•■: erlmenta]   obs< rval I - ns,    1 h* 

:at( :   thes<    ■> mj onenti   ' ■ m   a eut<   I 

i * 
!'■ ; ( i "i .: i     v - !' 

. . • ,,   | ara , ■, v    v' ry :■ i   : ■   U   thi   Btandai 

ure ai . '•<.    T) •   eutec tic tessera tut1*     annol   •■ > 

more   than  tw      r  thre*   hundred   leg re es   below leltlng  polni 

f ,       raus*    aeltlng pur* J       -,-W mixture I   y L*    U I   rei 

• ■ • 1'ir       ■: irfa  •   ' • 5|>er»tures,     Several  prellmli ary r xi ■ • - 

Lmenl     perl   rmed  at   the    ^^ Rldgt   Hatlona]  Laboratory*  hav<   tt- 

rlored melting '""o  crystala or a tungsten ribbon  filament« 

r-AT.ction  (eutectlc:  teB5>erature) between the  oxide  and oetaS 

«curred  at    • -"   1  ,"   3t    !Rie eutectlc coniKssltlon Is eetlmat«   . 

Tersona]   constranlcatlonj  Benjamin Oliver,  consultant   4     'he 
Metala  and   '"era^icr Divi-icn, Oak Hldge Rational  Lai   ratory, 
Oak  Ridge,   Tennessee. 
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oil diffusion purnp, a water cooled chevron baffle, a freon cooled 

baffle, a mechanical pump and associated pumping and bakeout 

-6 controls.  A base pressure o!' the order of 1 x 10" torr is 

attainable without bakeout.  All feedthroughc, with the exception 

of the high voltage feedthrough, art of the coaxial type permit- 

ting shielding of all instrumentation leads. 

The assembled diode structure is shown in Figure 14,  The 

molybdenum anode and cathode structures have variable axial spac- 

ing .  All insulator:: are steatite or alumina.  The polished and 

etched oxide-metal composite emitter ia mounted on the cathode 

rod with silver paste.  A negative potential ir applied to the 

emitter and the current collected by the anode is measured with 

an electrometer and a strip-chart recorder.  A protective series 

resJ ttor is included in the circuit to prevent damage to the 

electrometer and the sample should a short circuit between the 

emitter and collector Inadvertently occur. 

0        • «•     *••   •'• 

B.  PRELIMINARY FIELD EMISSION RESULTS 

Preliminary data have been obtained from a single U0„-W 

composite employing a sample-to-anode spacing of approximately 

0.010 inch.  With this spacing, a current density of greater 

than 10  amp/cm"1 was measured with an applied potential of 800 V, 

and a current density of greater than 10"  amp/cm" was observed 

with an applied voltage of 2,300 V.  Reversing the potential 

applied to the test diode conclusively showed that the current 
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2L 

was due to tru« electron emission.  The short term stability 

of the emission appeared to be poor; fluctuations of -20 percent 

were not uncommon. 

These short term riuctuations could conceivably be due 

to some type of gaseous breakdoKr. within the test diode or to 

Bone dynamic | roce i i Involving the transfer of emission from 

different groui  of pins.  It is aiiticipated that the lower pres- 

jure attainable with systen bakeout (estimated to be lerr than 

torr) will greatly reduce any breakdown effects and thus 

facilitate s ietemination of the cause of the unstable current. 

i;. spite of the apparently poor short term rtabillty, 

the average current aa Bonitored with s recorder did not change 

by more than a few percenl ver a period of approximately 2h 

hours. Also, within reasonable limits, th< averag< current 

measurements were reproducible over the test period of approxi- 

mately one week.  However, it war noted that there appean d to 
%      •• •  •   •• w 

dK «I      • • v ' 
oe an increase in the emitted current with tlnfeT The cause of 

this apparent increase la unknown and is being investigated. 
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SECTION  71 1 

X ' 

During the Last   . :x ncmtha   work hm   been   indenrey on 

>rder No,   1637  for the   leve3  pmenl     P melt-groim oxlde- 

BWtal   •.:■.;     Ltej   :ontalnin,   between ••  emd .■   million  Leaa   than 

L/<diameter  tungsten  fiber    per 1 [uare e€ntl!n< 

■■•:  ■;;■■:   LJ   ai     ■.'. :■• •■ itrlx,   an I th<   1 :■■■.. ia1 : 

rials   for electr >r ••-.:.    Lon applJ cat ions, 

• ■'   llvlded   Lnti    :'! /••  area    I     • .■ • *   th(   pr   '■  i1 

(1)    "■.' llrectiom      lolldlfJ :a1 L01   Bel avj 
" ■ t!   Sy ••■•■   . 

(; i    Structural •■•  I   Jhemlca]  Characterlza 
':• tal Composi * ea . 

■ I ■   ra i.. 

; ,• ■: 1 mat e- 

ai • progi •. 

id L vea * 

Oxide- 

(3) Theore4 ic-ii Analysis f Electron Baltting Arraye, 

('0 Formation of >ptj .•■- . Lttlng Arrays, 

(5) Kloctron ESnlssloi Mea urements, 

A number of oxldeSj oxide conpour ;,  ind oxide mixture: 

have been tented to determine their suitability for induction 

melting using hleh frequency rf heat irr.  Only ZrOn fCftO or 

Y203 stabilized), ZnO, CdO, NiO, Cr2,03, Ti02, Ce02,   ZnO'Ti02, 

ZnOAl^CU, BaTiGk and mixtures of NiO-MgO and Al, CK-NiO were 

melted from the many materials tested; and, of this list, only 

the stabilized ZrO^, and CeO« established stable enough molten 
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geometries  to  warram   furth«  study with metal   additions.     Ar. 

Mialy, : :  ot ma or the  dirricultles  encountered melting oxide 

material     with   r:   r.eatin.    .:. :   fMtm  approaches  designed  to 

Lnerea ■• ■ - -  List or a»t«ri«3 

pre ent : ;. 
••'■1 -^   ■■•;•■   ' '    Induction heated are 

■::: - ■ •-     ind | rocedurea which pi   . : ; 

" -riz it Lon ^: I«.« ..- 

:   : ■ 

per/ i , ■     ana] 

Pre] Ln : 

re! i' : 

e   adequate  charac- 

■■■:      '-'' ■    •■■■  •■••   i tructura]   and chem- 

lnten r< '   v. I predict   th<   m Lidl- 

■;-''    : • - ■■■'    •' v« luj ed   In 

■ "  •   ' ' erg;   di F- 

■' ' ■   ■    elect ron 

Loua     >    |< -mi ( al 

■''   rib( rs. 

d mil i] 

■ - -r«     lopv 

n et Los    . 

a 1   t w       •:; :. )rient,at1orj 

''   "    ■  rei Lea]   field 
■    ■    ;■ 

pr   ■' 
: ' ' '    lev«      ; "d  to 

field distribution   Ln   th(   vicinity 

"   ■   :    rj >dlC   array   ;:        ■•■■-  Pi"   •     •--    maly   L,   indicates 

desirable pin  spacinga   for maximun curreni   density   and   the effect 

Pin diamew and  Interelectrode   ßpacin« vril]     .  ,   on the voltage 

needed   to produce  different   electric   field..     argphs  llluPtrating 

La  information  are  included. 

The growth and  analyaia of oxida-metal  composites has 

processed   to  the point where  preliminary inter   ,    tation of tha 
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different  types of Rterostrueturta obtained In the  system uo?-w 

can be inade using  starting oxide-metal  ratios,   a proposed phase 

dWrv.,   Knd  growth para:r:eters.     Typle«!  composite  structures 

•ained during  the  controlled  solidification of U0o-W mixture;- 

are  shown  1:    Plgure  11   af  this   report.     The  cnemlcal  etching 

'•  •.•■•-: ■■■■   ;sed  to  dissolve  a  layer  of  ttiM  oxide matrix  and  expose 

'' ■ ■•  :':'   -'    for -::.:.■  i n ••-.*:;.   md   knaXysis In the SEM Li 

described« 

L16        •;••:• 

bed. 

Wit       i    :'    : ■       • r . 

md   r   ' • . •■   ■ ' ■   ■ ' 

fie] :  end   Blor    btalna   .■    twom oxide-metal 

■'   temperaturt    sondltloni   liai   I "en ini t Le- 

' '■' ■' '■  '   ■ • ■   •■■    y6t( ••. in   ■■ !.junction 

11   • BJ r thli   testing,    1 araa» ten 

Lvid(    :'.   :■   electrod( .   rield 

strength,    ;rltica]    surrenl 

testing    fa  single   lull il 

iglng   i    •': eld r,m:: . Lon  ■■■■■■. 

■ ' '   '. ■.•■"' -i '•'.     :-' ■•}•■' • 

conclusively   i    m I  I iat   * 

tensity    thai    turrenl    lenslt y  ■.■   w 

wer,   an I «aittei   Lifetime.     Initial 

• ,'•■  ■ ' " ■  ■ »M     uq L(   w-i'   "< i (   encour- 

n adlly    bl aln^ I  a1   a  rea    • •     <   M - 

• ■   potential   applied  ' ■   th<   tcsl    Mode 

le current   wai    i .<   t(   true electron 

emiosion.    During  this  first   '^;4   the current   lenaity iraa  low. 

approximately  10       amrr  per  cm   ,   and  erratlcj   but   th(    average 

current  remained within  several percent   for a  reasonable time 

period.     Etalssion  terming  of different  oxide-metal  geometries  le 

continuing. 

57 



REFERENCES 

1. A.:.   ^HAPMARj  et,   äl.,   J.  An.   Cer.   Soc.  ^    1)  60(1970). 

2. M.:.   WATS  ..,  9t,   Hi.,   J.   An«   Cer.   ^oc.  ^J  (:?)   11:   (lq70). 

3. D.N,   HZItLj   "Internal   Zone  Melting of Refractory Oxides Using 
D tuced  Eddy-Currenl   EIeatlng1

n  !•:.   S.   :':.>-; is,   School of 
Ceramic  Engineering,   Seorgia Institute of Technology, 

■•: tember : ■- -. 

..    A.T,   ' APMAH and   i, ;:.   ILARK, c. Aa.  Cer.  Soc. Ufi  (9) 4qi+ 
1 •'.    . 

.     B, fMAira,   ::•■: ■.,:■■•■: ■   -   ~\Jnc  ,•;•;,■;.;■-•:.   :   r-.en  von Krlr- 
• ü :•■:..  StetnS ■ "•::   Terligl   Barni *•.:'.   f!! 5557! 

I .     it,] .   DYKI   and W.W.       LAN,   A !v-.:.c'-.   In   ■ LectTOnigjg  ana  Klec- 
br n  Phy  Lc  ,   .':::.     ;:• ■ ! : v : .  M^J--. >,.  ScäcfeniTc Presi . 

•r: n ■ <. ■   ■ 
■ .       La . 

UO*J.  '■'   ■       '"•  "'.   Philip;   '■••■ earch Reporti   ^pple^BntBj 
.  #  Lj  ■•„.    pp. i /      ; ' ' 

.   .   ; ...'.  "": .     .    andj '-cr.   u r Ri^sik.  vol. ?i, 
iprii ;er Pu        her  .   :•• rl!;,.   '1 '■' ^ ",. 

:-.   ; "i'''-.  ^' ■ : ;    mlj   ton    n j  Fie] J I'.' U -i4 j oft,  Harvard Uhl* 
erslty I re    .        I rl :  • .   "! ■'']'. 

■   . ■•.; .   LEVIN] ,  Surfe u   Sei. j_o 313   ": H 

11. J.r.   LEVI^rs,    • published in RCA ;-'--iew,  1971). 

12. D.   MENZEL   ind  R,   3  MER,  J.    aiea.   Phyr. ^]_ 3311,   3329,   (196-4 i. 

13. B,E,   LUNDQUIST,  e^.   al.,   J.   of Metals jgi 20ii   (1962-63). 

lU. \..-.   MANLY,  •'.   »ucl.   Hater«,   1/3 1^3  (1965). 

/ 

58 



^ 

DISTRIBUTION LIST 

DISTRIBUTION 

DIRECTOR 
... •,•■:, :i'  RE ' A] ;H PROJECTS AGENCY 
ATTN:     PROGRAM  MANAQEKEm 

DR.   M.   J.   SINNOTT 
WASHINGT«!,   D,C,   P0301 

NOj   OF  COPIE." 

5 

'    MANDING    I    IERAL 
U.S.     RMY  ■•:: ISIU     !  MMAN1 

,;     AMSME-RNl 
(AL,   ALABAMA  35809 

^0 

•■•:,.   ■'   :,   ;] NT! 
; A MERON : 

[A, VIRGINIA        •:• 

20 

C0MMAN1 ENG    ',] "KVAL 
. .  ■■■•-■ mi ■ • •■;   • MM "■ 

\ [J      -PT 
,■;• ■ ■;•■•;. D.c. 203] 

59 


